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Summary
Background: eight mules with angular limb deformity (ALD) type carpus varus and carpus valgus were 
studied. Objective: to evaluate a biopsy technique of the distal growth plate of the radius using a Jamshidi 
needle. Methods: thirteen limbs with ALD were biopsied immediately before undergoing corrective surgery. 
The site of biopsy depended on the severity of ALD and surgical technique. The samples were preserved and 
processed for histopathological study. Results: of all biopsies evaluated, only three were successfully obtained. 
Conclusions: the biopsy technique used was not efficient (23% success rate), however it allowed us to describe 
the physeal dysplasia in mules with ALD. Our findings agree with those previously described in horses. 
Keywords: equine, growth plate, periosteal transection and elevation, transphyseal staple, valgus, varus.  
Resumen
Antecedentes: ocho mulares con deformidad angular (ALD) de tipo varus y valgus del carpo fueron 
estudiados. Objetivo: evaluar una técnica de biopsia para la placa de crecimiento distal del radio con la aguja 
Jamshidi. Métodos: se utilizaron 13 miembros con ALD; inmediatamente antes de la cirugía correctiva. El 
lugar de la biopsia varió con la severidad de la ALD y con la técnica quirúrgica. Las muestras fueron 
conservadas y tratadas para estudio histopatológico. Resultados: se obtuvieron solamente 3 muestras 
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exitosas. Conclusiones: la técnica de biopsia utilizada fue poca eficiente (23%), pero permitió describir la 
presencia de displasia fisária en mulares con ALD. Los hallazgos coinciden con los descritos para equinos. 
Palabras clave: equinos, grapa transfisaria, placa de crecimiento, transección y elevación perióstica, 
valgus, varus. 
Resumo
Antecedentes: oito muares com deformidade angular (ALD) de tipo varus e valgus do carpo foram 
estudados. Objetivo: avaliar uma técnica de biopsia para a placa de crescimento distal do rádio com a agulha 
de Jamshidi. Métodos: se utilizaram 13 membros com ALD, imediatamente antes da cirurgia corretiva. O 
lugar da biopsia dependeu da severidade de ALD e da técnica cirúrgica. As amostras foram conservadas e 
tratadas para estudo histopatológico. Resultados: três amostras foram obtidas com sucesso. Conclusões: a 
técnica de biópsia utilizada foi pouca eficiente (23%), mas permitiu descrever displasia fisária em ALD. Os 
achados concordam com os descritos em equinos.
Palavras chave: equino, grampo trans-fisário, placa de crescimento, transecção e elevação de periósteo, 
valgus, varus. 
Introduction
Angular limb deformities (ALD) are deviations 
from the axial plane of the limb (varus and valgus), 
described extensively in horses but rarely in mules. 
There are several risk factors for ALD in equines, 
such as excess carbohydrates, mineral deficiency 
and the occurrence of trauma, change the physiology 
of growth cartilage (Bramlage and Auer, 2006). 
Faults in the synthesis of extracellular matrix during 
chondrocyte differentiation or mineralization of 
the cartilaginous matrix are risk factors for physeal 
dysplasia (Jeffcott and Henson, 1998). 
The most common histopathological lesions in 
physeal dysplasia are misalignment of chondrocyte 
columns (Gee et al., 2005) and clusters of rounded 
chondrocytes (Jeffcott and Henson, 1998). In animals 
suffering from ALD, lesions are concentrated on 
the medial or lateral side. Since the side where the 
lesion is concentrated has a lower growth rate, the 
difference in growth dynamics between both sides of 
the epiphyseal plate leads to angular deviations (Witte 
and Hunt, 2009; Loiacono et al., 2012).  
Evaluative studies on equine epiphyseal plate 
have only been performed in cadavers. The absence 
of a technique to collect samples from the epiphyseal 
plate in living animals suffering from ALD restricts 
the detailed study of this condition during treatment. 
Additionally, information referring to physeal 
dysplasia in mules suffering from ALD is scarce. 
Thus, the aim of this paper was to describe a technique 
for cartilage growth plate biopsies in mules suffering 
from moderate ALD in the carpus and undergoing 
surgical treatment.
Materials and methods
This study was approved by Comitê de Ética em 
Expirementação Animal da Universidade Federal de 
Minas Gerais under protocol number 132/2010 on 
August 27, 2010.
Animals studied
Eight mules (four males and four females) 
suffering for at least 45 days from moderate ALD 
in the carpus underwent corrective surgery for these 
deformities. Animals were from Minas Gerais, 
Brazil, and averaged 16.3 months of age. From a 
total of 13 operated limbs, four limbs with carpus 
varus underwent placement of transphyseal staples, 
two limbs with carpus varus underwent hemi-
circumferential periosteal transection and elevation 
(HCPTE), and the remaining seven limbs with carpus 
valgus were also treated with transphyseal staples 
associated with HCPTED. 
Biopsy technique
Biopsy of the epiphyseal plate was made during 
the trans-surgical period, right after doing the skin 
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incision. Biopsies for the mules undergoing HCPTED 
were collected from the concave surface of the limb, 
while biopsies for mules with transphyseal staples 
were taken from the convex surface of the limb. For 
this procedure, a Jamshidi needle (20 cm long and 
0.5 cm diameter) was used. It was placed proximal 
to the epiphyseal plate, in an angle of approximately 
30° to the axial axis of the radius. Then, the needle 
was inserted in a distal direction, until reduction of 
resistance—indicating that the epiphyseal plate has 
been reached—was noted. After that, the needle was 
inserted 1 cm further and subsequently removed. 
Sample processing 
Samples were removed from the needle with the 
aid of the mandrel and preserved in 10% buffered 
formalin, then decalcified for seven days in 24% 
formic acid (changed every 48 hours), and on the 
last day samples were rinsed in running water for 24 
hours. Then, samples were imbedded in paraffin and 
stained with hematoxylin and eosin. 
Histological analysis
Chondrocyte morphology and distribution of 
epiphyseal cartilage differentiation zones were 
evaluated; this is, organization of the differentiation 
lines of chondrocytes was observed, as well as their 
number and size. Cell death evidence was also 
evaluated. 
Results
From 13 procedures conducted to collect a 
fragment of distal epiphyseal plate of the radius only 
three were successfully obtained, despite using the 
same biopsy technique in all the cases. For this reason, 
a statistical analysis between histological findings and 
type of angular deformity was not conducted. 
In the first biopsy from the limb suffering from carpal 
valgus and treated by HCPTE absence of differentiation 
lines of chondrocytes was described as a histopathological 
finding since these lines were found grouped and had 
lower than usual number and size. Besides, some of them 
had pyknotic nuclei. In the second biopsy, from a limb 
suffering from carpus varus and treated by HCPTE, 
presence of lacunae of chondrocytes was observed. This 
was possibly due to apoptosis of the chondrocytes (as 
in the histopathological findings from the first biopsy). 
The last biopsy was conducted in a limb suffering from 
carpus varus and treated by transphyseal staples. This 
biopsy showed changes in chondrocyte organization in 
spite of having differentiated zones of chondrocytes. 
Additionally, chondrocytes showed voluminous nuclei 
and were disposed in clusters (Figure 1).
Figure 1. Histological cut of the distal epiphyseal plate of the radius. A) The black arrow indicates a cluster of chondrocytes. The yellow 
arrows show chondrocytes with pyknotic nuclei, while the red arrows show lacunae of chondrocytes due to possible apoptosis process. 
B) The green arrows indicate columns of chondrocytes in differentiation process with a slightly changed morphology in comparison with a 
healthy epiphyseal plate. Observe that chondrocytes in A, indicated by yellow arrows, show a smaller size than those in B. Hematoxylin 
and eosin staining (400x magnification).
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Discussion
Angular deformities of carpus in mules are poorly 
described in literature compared with those in horses. 
In addition, information on changes of endochondral 
ossification process in bone surface compromised 
by ALD has only been reported for horses and 
then extrapolated to mules. To our knowledge, no 
technique describing a biopsy of the growth plate of 
the radius in mules has been reported in the literature. 
Thus, results described in this study would be the 
first conducted in mules and first in vivo on equids. 
However, the efficiency of the technique used for 
the biopsy of the epiphyseal plate of the radius of 
mules suffering from ALD was low (n = 3, 23.1%). 
After perforating the metaphysis, the epiphyseal 
plate, and part of the epiphysis, the Jamshidi needle 
was removed; however, in 76.9% of the cases, only 
a fragment of the distal metaphysis was collected 
(Figure 2).
Figure 2. Illustrative scheme of the failure in biopsying the distal growth plate of the radius [diaphysis (D); metaphysis (M); growth plate 
(GP); epiphysis (E); Jamshidi needle (JN)]. A). Illustration of needle position after being inserted through the metaphysic, epiphyseal plate, 
and epiphysis of the radius. B). Presence of a bone fragment from the metaphysis inside the needle, while the portion of the growth plate 
remains attached to the epiphysis.
The low effectiveness of this technique was 
possibly due to the following reasons: first, the 
needle used is not equipped to cut the cylindrical 
piece of tissue from the epiphysis. The fact that 
physeal dysplasia occurs mainly in the proximal area 
of the epiphyseal plate (Jeffcott and Henson, 1998) 
may have determined for the piece of epiphyseal 
plate to remain attached to the epiphysis, since 
the union between this and the metaphysis might 
be compromised. This may explain the greater 
proportion of samples collected from limbs treated 
with transphyseal staples, compared to limbs treated 
with HCPTE. The fact that the convex surface of the 
limb presents a milder physeal dysplasia than the 
concave surface provides better attachment between 
the epiphyseal plate and the metaphyseal fragment 
in this area, resulting in a higher success rate for 
biopsies taken from the convex surface. Collection 
of only one biopsy without any repetitions may 
also have influenced the low success rate of the 
technique used.
Furthermore, the difficulty in processing the 
biopsy material collected from the epiphyseal plate 
was related to the size of the fragment collected 
(approximately 8 mm long and 1 mm diameter). 
Besides, the number of sections taken from the 
material was limited. An average of four cuts per 
fragment was obtained, but all of them were broken. 
Finally, it was observed that the low efficiency 
in collecting the samples and difficulties in their 
processing were limiting factors, thus we do not 
recommend the use of the Jamshidi needle as a biopsy 
technique for epiphyseal plate in mules.
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Histopathological findings of biopsies 1 and 2 
indicate a serious physeal dysplasia, since loss of 
microstructure of the epiphyseal plate was observed, 
but it was more evident in the material from biopsy 2 
due to a possible occurrence of chondrocyte apoptosis. 
The findings in biopsy 3 are also characteristic of 
physeal dysplasia and agree with the observations 
made by Gee et al. (2005) on epiphyseal plates of the 
metatarsal III in foals. Likewise, Jeffcott and Henson 
(1998) also described the formation of clusters of 
chondrocytes in horses; however, the lesions in the 
epiphyseal plate of the mules were stronger when 
related to those described in foals. 
The lesions found in the concave side of the limb 
(biopsies 1 and 2) had a stronger physeal dysplasia, 
even though the biopsy taken from the convex side 
came from a limb in which the angular deviation 
was greater. The difference in cellular activity of the 
chondrocytes in both sides of the epiphyseal plate was 
also observed during the induction of ALD in rabbits 
(Aykut et al., 2005). The presence of more serious 
lesions in the concave side of the limbs may have 
caused the difference in growth dynamics between 
both sides of the limb, inducing the occurrence of 
ALD in these mules, as related by Witte and Hunt 
(2009). Biopsies of both sides of the same epiphyseal 
plate would be necessary to confirm this observation.
In conclusion, the biopsy technique used was not 
effective, but allowed to obtain useful information 
on physeal dysplasia in the distal epiphyseal 
plate of the radius of mules with carpus ALD. 
These histopathological findings corroborate those 
diagnosed elsewhere in horses. 
Acknowledgments
The authors acknowledge CNPq and CAPES/
PEC-PG, Brazil for funding this study, the Federal 
University of Minas Gerais (UFMG) and the 
sustainability project 2013-2014 from CODI, 
Universidad de Antioquia.
Conflicts	of	interest
The authors declare they have no conflicts of 
interest with regard to the work presented in this 
report.
References
Aykut US, Yazici M, Kandemir U, Gedikoglu G, Aksoy MC, Cil 
A, Surat A. The effect of temporary hemiepiphyseal stapling on 
the growth plate: a radiologic and immunohistochemical study 
in rabbits. J Pediatr Orthop 2005; 25:336-341.
Bramlage LR, Auer JA. Diagnosis, assessment, and treatment 
strategies for angular limb deformities in the foal. Clin Techn 
Equine Prac 2006; 5:259-269.
Gee EK, Firth EC, Morel PCH, Fennessy PF, Grace ND, Mogg 
TD. Enlargements of the distal third metacarpus and metatarsus 
in Thoroughbred foals at pasture from birth to 160 days of age. 
N Zeal Vet J 2005; 53:438-447.
Jeffcott LB, Henson FM. Studies on growth cartilage in the horse 
and their application to aetiopathogenesis of dyschondroplasia 
(osteochondrosis). Vet J 1998; 156:177-192.
Loiacono BZ, Aranzales JRM, Faleiros RR, Alves GES. 
Deformidade angular adquirida no carpo de muares: diagnóstico, 
incidência e tratamento. Ciência Rural 2012; 42:1855-1860.
Witte S, Hunt R. A review of angular limb deformities. Equine 
Vet Educ 2009; 21:378-387. 
